Reclaimed water programs treat wastewater to remove hazardous compounds, pathogens, 2 and organic matter and provide reclaimed water for non-potable applications. Reusing water 3 may significantly reduce demands on freshwater resources and provide sustainable water 4 management strategies. Though production of reclaimed water is highly regulated, public 5 acceptability has historically hindered the implementation of successful reclaimed water systems. 6
INTRODUCTION 7
The security and sustainability of the U.S. water supply is a growing concern. Recent 8 trends in national water use indicate that moderate decreases in water withdrawal may be 9 expected due to increases in irrigation efficiency, optimized industrial processes, and the 10 penetration of water-efficient appliances and practices (Georgakakos et al. 2014) . Anticipated 11 population growth and climate change are expected to continue to stress freshwater resources, 12 however. The U.S. population is projected to increase 30% by 2060 (US Census Bureau 2014), 13
and climate-based water use projections show dramatic increases due to rising temperatures, 14 localized decreases in precipitation, and elevated potential evapotranspiration (Brown et al. 15 2013) . 16
Reusing, recycling, and reclaiming wastewater effluent provides a sustainable alternative 17 to pressing water demands. Reclaimed water is the end product of wastewater reclamation that 18 meets water quality requirements for biodegradable materials, suspended matter, and pathogens 19 (Levine and Asano 2004) and can be used for irrigation, industrial, residential, and direct 20 consumption, based on the satisfaction of targeted water quality standards (USEPA 2012) . Water 21 reuse reduces withdrawals from fresh water systems and alleviates the volume of wastewater and 22 associated nutrient and pollutant loads that are discharged into fresh water bodies. Reusing water 23
The Palmer Drought Severity Index (PDSI) was used as an indicator of climatic 1 conditions relevant to water scarcity related tendencies ( Table 2 ). The PDSI measures the 2 departure of the moisture supply from average conditions and calculates precipitation deficit at 3 specific locations (Palmer 1965) . It is based on a supply-and-demand model of soil moisture 4 based on precipitation and temperature data. The PDSI is used as a drought-monitoring tool and 5 has been used to trigger actions associated with drought contingency plans (Willeke et al. 1994) . 6
As an estimator of relative dryness, regions with lower PDSI values have drier climates and are 7 prone to drought (Dai et al. 2014) . PDSI data were collected for each state and each month of 8 the period May 2012 to May 2013, corresponding to the 13 months prior to the month the survey 9 was conducted, from the U.S. Drought Portal (www.drought.gov). This period was selected to 10 include the summer preceding the survey, when water shortages are more likely to occur. Each 11 respondent reported his or her state of residence, and each respondent was assigned a 12 corresponding time series of PDSI values. 13
Survey questions were posed to provide data about socioeconomic and demographic 14 factors. Respondents reported their biological sex, the location of residence as metro or non-15 metro, and their role as household head. Respondents reported age in years (recoded within four 16 categories: 0-30, 30-45, 45-60, and > 60) , race/ethnicity (categorized as white non-Hispanic, 17 black non-Hispanic, other non-Hispanic, Hispanic, and two or more races non-Hispanic), 18 education (categorized as none through 12 th but no diploma, High School Graduates or GED 19 holders, Some College or Associate's degree, and College Graduates BS, MS or PhD) and 20 annual household income (recoded into five categories: $0-15,000; $15,000-35,000; $35,000-21 60,000; $60,000-100,000; and >$100,000). In addition, participants were asked how much they 22 paid on their water bill the previous month and were classified accordingly into five categories 1 ($0-50, $50-100, $100-150, $150-200, and >$200) . 2
Participants were asked to rank their willingness to participate in a water reuse program 3 under alternative financial scenarios (Question 6 in the Appendix). These scenarios included 4 incentives such as a one-time rebate of $30 or $60, a reduction of $10 in a monthly water bill, or 5 a surcharge of $0.25 or $0.50 in the unit cost of water. Combinations of these options, including 6 no incentive and no surcharge, resulted in eighteen different scenarios. Each participant was 7 presented with one program scenario to rank his or her willingness to participate in using 8 reclaimed water. 9
Statistical Analysis 10
Two sets of statistical test were conducted to assess and interpret survey results. A 11
Pearson's Chi Square test of independence was performed to determine the existence of a 12 relationship between the different outcome categories and the demographic variables. This test 13 evaluated the probability of that a relationship is due to random chance. If the probability was 14 low, the hypothesis was rejected, and the observation of a relationship is a statistically significant 15 finding. Statistical significance was evaluated at a significance level of p < 0.05. Goodness of 16 fit is established through probability theory and the assumption that the sample is normally 17 distributed. (WC/C/RWS in Fig. 1 ). In contrast, 14% of all respondents are Water Unconcerned, Non-8 conserver, and Reclaimed Water Opponent (WU/NC/RWO in Fig. 1 ). 9
The conservation measure that was most widely reported by respondents is turning off 10 the faucet when washing dishes or brushing teeth (76.8% of respondents), followed by limiting 11 yard watering (56.2%) and limiting showering time (54.7%). Modifying the toilet to use less 12 water was the measure least adopted (40.3%). Results are consistent with recent research that 13
shows that Americans, when asked for the most effective strategy they could implement to 14 conserve water in their lives, mentioned curtailment (taking shorter showers, turning off the 15 water while brushing teeth) rather than efficiency improvements (replacing toilets, retrofitting 16 washers) (Attari 2014). Modifications to the toilet require an active role and capital investment 17 by participants, whereas other measures require a behavioral change alone. 18
Influence of Demographic and Socio-Economic Factors 19
A number of regional, demographic, and socioeconomic factors were tested for 20 significant relationships with behavioral categories, defined above as Water Concerned/Water 21 Unconcerned, Water Conservers/Non-conservers, and Reclaimed Water 22
Supporters/Neutral/Opponents. A summary of statistical significance is shown in Table 3 . 23
Pearson's Chi square tests of independence were performed to test relationships between 1 variables, and detailed results are provided in Table 4 . Descriptions of the significant 2 relationships are provided as follows. 3
Analysis of survey results show that sex is related to the awareness of water shortages. 4
Nearly two-thirds (62.8%) of male respondents are Water Concerned, compared to half (49.1%) 5 of women who are Water Concerned. No statistical significance was found between sex and 6 other outcomes; these results show a difference between the acceptability of water reuse between 7 male and female respondents only for p < 0.20. The research to date about the influence of sex 8 on the acceptance of water reuse has been contested. Bruvold (1979) , Po et al. (2005) , and Miller 9
and Buys (2008) Results show that age influences both Water Concerned/Unconcerned and Water 1 Conserver/Non-conserver status. Both concern for water shortages and water conservation 2 increase with age, as the highest percentage of Water Concerned respondents is reported within 3 the age group 45-60, and the highest percentage of Water Conservers is reported within the age 4 group >60 (Table 4) Race and ethnicity influence water awareness, and Hispanics participants had the highest 10 percentage of Water Concerned respondents (8.8%), followed by white non-Hispanic 11 participants (7.1%). Correlation between race and support for reclaimed water use was also 12 found. 45.4% of white non-Hispanic participants were Reclaimed Water Supporters, 44.7% of 13 other non-Hispanic, 55.8% of 2+ races non-Hispanic, 35.0% of Hispanics, and 27.4% of black 14 non-Hispanic. 15
The most influential factor affecting water awareness, water conservation, and adoption 16 of water reuse is the educational level. The highest level of education (BS, MS, or conservation, and support for water reuse. Household head status indicates a greater concern for 9 the three water issues. Household income showed correlation with the three dependent variables. 10
The highest income categories ($60,000-100,000 and >$100,00) show the highest percentage of 11
Water Concerned. The income group $60,000-100,000 reports the highest percentage of Water 12
Conservers, and the income group >$100,000 reports the highest percentage of Reclaimed Water 13
Supporters. Previously conducted research demonstrates that income influences the acceptability 14 of water reuse (Bruvold 1979; Hurliman 2008; Hanke and Athanasiou 1970; Hills et al. 2002; 15 Hurliman 2008) . The value of the last monthly water bill influenced only water conservation 16 behaviors, and the highest percentage of respondents who are Water Conserver were found in 17
Group 2 ($50-100). 18
Influence of Location and Climate on Outcomes 19
The location of respondents showed some influence on outcome categories. The percent 20 of respondents who are Water Concerned is highest for EPA Regions 6, 8, and 9 (Table 4 ). The 21 percent of respondents who are Reclaimed Water Supporters is highest for EPA Regions 7, 8, 9 22 and 10. Except for the Pacific Northwest Region 10, these regions include states with average 23 monthly PDSI values during the period of study less than -2.0, indicating the occurrence of 1 moderate, severe or extreme droughts (Table 5 ). There was no significant correlation between 2 EPA region and water conservation behavioral categories (Water Conserver/Non-conserver). 3
The effect of drought on the outcomes was assessed through linear regression analysis. 4
For each state, the average PDSI value is calculated over the 13-month period (twelve-month 5 period prior to the survey and the month the survey was conducted). The 13-month period 6 corresponds to a drought period, with monthly PDSI values ranging from -6.0 to 3.2. The 7 relationship between the occurrence of drought, represented by the average PDSI, and the 8 percentage of respondents categorized as Water Concerned is shown as statistically significant (p 9 < 0.05) ( Table 6 ). These results indicate that increasing dry periods (decreasing values for PDSI) 10 increase the number of respondents who identify water shortages as an important environmental 11
problem. 12
The effect of drought on the water conservation behaviors of respondents is also tested 13 (Table 6 ). There is, however, no statistically significant effect of PDSI on the number of Water 14 average PDSI value, taken over the 13-month period (Table 6 ). The percentage of respondents 7 in each state limiting lawn and garden watering also increases with decreasing values of the 13-8 month average PDSI. Other conservation measures do not show a significant relationship to the 9 PDSI. Outdoor water conservation may be more influenced by climatic conditions than other 10 conservation measures. 11
The effect of drought on the support of reclaimed water is also evaluated (Table 6) . 12
Regression tests the hypothesis that residents of drier climates and respondents that experience 13 more severe droughts are more willing to use reclaimed water in their households than 14 respondents who experienced moderate droughts. This hypothesis is not supported by the 15 analysis, as there is no statistical significance between PDSI values and the percentage of 16
Reclaimed Water Supporters. 17
Influence of Financial Incentives 18
The likelihood to sign up for a reclaimed water program under the different eighteen 19 financial and subsidy scenarios (Question 6 in the Appendix) is evaluated based on the average 20 ranking from respondents (1= Not at all likely, 4 = Somewhat likely, 7=Extremely likely), shown 21 as the mean and standard deviation of responses in Table 7 . Each participant was randomly 22 assigned to view one scenario, which is characterized by settings for a surcharge, a rebate, or 23 reduction in the monthly water bill, to provide an incentive for participating in a reclaimed water 1 program. The number of participants who responded to each scenario is shown as N in Table 7 . 2 For example, for scenarios 1 3, 7, 11, and 13, the average of responses is less than 4.0, which 3 corresponds to the response "Somewhat likely". These scenarios correspond to limited 4 incentives and a monthly surcharge that is imposed for using the reclaimed water system. 5
Results show that for the same surcharge and rebate scenario, the likelihood of signing up 6 for a reclaimed water program increases in all cases where a $10 reduction in the monthly water 7 bill is included, except for scenarios 9 and 10, which include a $0.25/month surcharge and a one-8 time rebate of $30, respectively. Respondents were most likely to participate in a water reuse 9 program under scenario 8 ($0.25 surcharge, no rebate, and a $10 reduction in the water monthly 10 bill) and least likely to participate under scenario 13, which has no incentive and the greatest 11 financial burden to the consumer ($0.50/month surcharge, no rebate, and no variation in the 12 water monthly bill). 13
Results reported here indicate that a reduced water bill increases the willingness to adopt 14 the use of reclaimed water. Previous research identified that the costs and benefits experienced 15 by residents can affect public acceptability of water reuse (Marks et al., 2002) . Demand for 16 reclaimed water has been inhibited by artificially low and subsidized water prices (Woolston and 17
Jaffer 2005). Low reclaimed water rates could encourage its use and help meet re-use and 18
demand management targets (Woolston and Jaffer 2005). In addition, the willingness to pay for 19 recycled water increases with limited supply alternatives and uncertainty in water security. 20
Capital costs and operational costs of retrofitting existing communities with reclaimed water 21 infrastructure can be considerable, when compared to the costs of expanding existing freshwater 22 supply sources or other water management alternatives. By planning dual distribution systems in 23 areas of new development, the cost of including water reuse in an existing water supply portfolio 1 may become competitive with other supply alternatives. The cost for reclaimed water treatment 2 and distribution may be offset by costs that are delayed or avoided to construct new water 3 infrastructure, purchase water through inter-basin transfers, or mitigate excessive nutrient 4 loading of wastewater effluent. 5
Acceptability of End Uses 6
The acceptability of alternative end uses of reclaimed water was assessed using Question 7 5 in the Appendix, which poses "How acceptable do you think the following uses of reclaimed 8 water would be in your community?" The alternative uses are listed in Table 8 . Results are 9
shown as the mean of responses (1 = Completely unacceptable, 4 = Neither acceptable nor 10 unacceptable, 7 = Completely acceptable) and demonstrate that all proposed uses of reclaimed 11 water are acceptable, except for food crop irrigation with an average ranking of 3.62 (Table 8) . Wake County, North Carolina. Public acceptance was estimated using the results of this survey 22 and water stress reduction was calculated based on the reduction of potable water demand 23 through the Water Stress Index (WSI). This indicator quantifies the state of regional water 1 resources, and it is calculated as the ratio of anthropogenic freshwater withdrawals to the local 2 freshwater supply (Sabo et al. 2010 ). An area withdrawing more than 40% of the regional supply 3 (WSI > 0.40) is considered water stressed. Results showed a decrease of the WSI for Wake 4
County from 0.54 to 0.39 if reclaimed water was used for all irrigation needs except food crop 5 irrigation. This framework can be applied for counties across the U.S to evaluate reclaimed water 6 use potential. Tradeoffs will vary according to local and regional land use characteristics and 7 climate conditions, and new analysis should include the cost of new infrastructure and the 8 impacts of financial incentives on acceptability. 9
CONCLUSIONS 10
This research reports on a national survey, and results demonstrate that a small 11 percentage of the population is concerned about water shortages, the majority of the population 12 conserves water, and 43% of the population supports the use of reclaimed water. Through 13 analysis of the survey, this research identifies that climate, education, and economic status can 14 influence attitudes and behaviors regarding water, including awareness, conservation, and 15 support for water reuse. Sex, age, last monthly water bill, and location (as EPA region) showed 16 no significant effect on the acceptance of water reuse, while ethnicity, education level, metro/non 17 metro, and income showed significant effects. Droughts were found to have some effect on 18 survey responses. The highest percentage of water concerned respondents and reclaimed water 19 supporters reside in regions that experienced drought conditions in the 13-month period prior to 20 the survey. Increasing dry periods increase the number of respondents who are water concerned, 21 the number of respondents who are the most active water conservers (adopted four conservation 22 measures in the two years before the survey was conducted), and the number of respondents who 1 limit their use of water for lawn and garden watering. 2
Results demonstrate that financial incentives influence the willingness of respondents to 3 participate in water reuse programs, and a decrease in the monthly cost of water increased the 4 likelihood that respondents would participate in a reclaimed water program. Support for the use 5 of reclaimed water for various applications ranked positively, on average, except for the 6 application of water reuse for food crop irrigation and use of reclaimed water at respondents' 7 own residences. These results demonstrate that the public is still somewhat reluctant to use 8 recycled water for applications with an elevated degree of direct exposure. This suggests that the 9 'yuck' factor and the perception of risks may affect the willingness to participate in water reuse 10
programs. 11
To address increasing water demands, urban water resources can be diversified through 12 water reuse programs as a sustainable solution to water shortages. Decision-makers need 13 available and accessible information about public attitudes toward water reuse to select 14 appropriate and sustainable resource management strategies. Implementation of reclaimed 15 infrastructure should focus initially on applications with greater social acceptability, such as 16 street cleaning, car washing, irrigation of parks and athletic fields or toilet flushing. Acceptance 17 of the use of recycled water for other end uses and applications, such as food crop irrigation and 18 watering of residential lawns may increase as public knowledge of the system develops. As 19 citizens become more familiar with the technology and general understanding of the associated 20 benefits of water reuse increases, officials, planners, and managers may experience diminished 21 opposition to additional applications and achieve greater water savings through widespread 22 implementation of water reuse programs. 23
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